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Associations of Six Candidate Genes with Antibody
Response Kinetics in Hens
H. Zhou and S. J. Lamont1
Department of Animal Science, Iowa State University, Ames, Iowa 50011-3150
ABSTRACT The chicken B-cell marker (ChB6), caspase-
1, inhibitor of apoptosis protein-1 (IAP-1), interleukin-15
receptor α-chain (IL-15Rα), interleukin-2 receptor γ-chain
(IL-2Rγ), and immunoglobulin supfamily gene (ZOV3),
as physiological candidate genes for chicken immune re-
sponse, were selected to investigate associations with an-
tibody kinetics to SRBC and killed B. abortus. An F2
population was derived from mating highly inbred
(>99%) males of two MHC-congenic Fayoumi lines
(named M5.1 and M15.2) with G-B1 Leghorn hens. Anti-
body response to SRBC and B. abortus after immunization
at 19 and 22 wk were measured. Secondary phase parame-
ters of maximum titers (Ymax) and time required to
(Key words: candidate gene, antibody response kinetics, inbred line,
antibody parameters, single nucleotide polymorphism)
2003 Poultry Science 82:1118–1126
INTRODUCTION
Improving animal health is a major goal in the current
animal breeding industry (Soller and Andersson, 1998).
Disease-related costs and losses are expected to be re-
duced by genetic control of resistance to pathogens and
improvement of the immune capacity of animals. The
complex immune system of poultry provides an opportu-
nity for investigating polygenic regulation of immune
response in chickens (Lamont, 1998a). Candidate gene
analysis is a powerful approach to detect genes control-
ling traits of economic importance in farm animals, such
as immune response (Rothschild and Soller, 1997). Candi-
date genes chosen for studying immune response traits
may have known physiological functions with immune
response or be in regulatory or biochemical pathways
affecting immune response.
The genes selected for study in this experiment were
based upon prior information in chickens or other species.
The chicken B-cell marker (ChB6) gene has been proposed
as a candidate gene in regulating B-cell development
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achieve Ymax (Tmax) were estimated from postsecondary
titers by using a nonlinear regression model. The DNA
polymorphisms of six genes were identified, and associa-
tions of single nucleotide polymorphisms (SNP) in the six
genes with antibody response parameters were analyzed.
Significant main effects of the gene polymorphisms were
mostly found in the lineage of the M5.1 grandsire and
primarily on antibody response to B. abortus. There was
general agreement of allelic effect within antibody param-
eters among genes. These results suggest that the SNP
characterized in the study may serve as markers for ge-
netic enhancement of humoral immune capacity in the
chicken.
(Tregaskes et al., 1996). The ChB6 gene is expressed on
the B-cell precursor in the chicken embryo and some mac-
rophages (Houssaint et al., 1987, 1991). ChB6 alleles are
associated with expression level of MHC class II, regres-
sion of Rous sarcoma, and resistance to Marek’s disease
(Fredericksen and Gilmour 1985; Gilmour et al., 1986;
Tregaskes et al., 1996). ChB6 is mapped on chromosome
1 (Groenen et al., 2000).
The biological phenomenon of apoptosis, or pro-
grammed cell death, is important in immune function.
Caspase-1 activation induces apoptosis, as well as pro-
cessing the proinflammatory cytokines, pro-IL-1β and
pro-IL18, into their mature bioactive forms. Caspase-1 (IL-
1β-converting enzyme) is mainly responsible for cytokine
maturation, such as processing IL-1β and IL-18 (Wang
and Lenardo, 2000). Caspase-1 is associated with disease
resistance to Salmonella enteritidis in chickens (Liu, 2002).
The inhibitor of apoptosis protein-1 (IAP-1) gene is a
member of the IAP family, which is involved in host
antiapoptotic mechanisms (Deveraux and Reed, 1999).
Abbreviation Key: ChB6 = chicken B-cell marker; IAP-1 = inhibitor
of apoptosis protein-1; IL-15Rα = interleukin-15 receptor α chain; IL-2Rγ
= interleukin-2 receptor γ chain; SNP = single nucleotide polymorphism;
Tmax = time to achieve maximum secondary antibody titers; Y = primary
antibody response; Ymax = maximum secondary antibody titers; ZOV3
= immunoglobulin superfamily protein.
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IAP have multiple biological activities that include bind-
ing and inhibiting caspases, regulating cell cycle progres-
sion, and modulating receptor-mediated signal
transduction (Yang and Li, 2000). The IAP prevent
apoptosis by binding and inhibiting caspase activity at
various steps of the apoptotic signaling pathway (Dever-
aux et al., 1997; Roy et al., 1997). Polymorphisms of IAP-
1 between Leghorn G-B1 and Fayoumi lines, the parental
lines of the current study’s resource population, have
been previously reported (Zhou et al., 2001b).
Interleukin-15 (IL-15) is a proinflammatory cytokine
that has similar biological functions to IL-2, another cytok-
ine that has previously been identified as a candidate in
immune response (Estess et al., 1999; Trentin et al., 1997).
Like IL-2, IL-15 is involved in recruiting T cells to tissues
during immune response, proliferation of T cells and Nat-
ural Killer cells, growth stimulation of B cells, and immu-
noglobulin synthesis (Kumaki et al., 1996). Interaction
between IL-15 and the IL-15 receptor-α (IL-15Rα) chain
compete with tumor necrosis factor and the tumor necro-
sis factor receptor-1, a complex that stimulates an apop-
totic pathway (Bulfone-Paus et al., 1999). Cytokine IL-15
and its receptor have been implicated in the pathways of
several disease processes such as leukemia, cancer, and
inflammatory bowel disease (Yamada et al., 1998; Bul-
fone-Paus et al., 1999). The interleukin-2 receptor-γ chain
(IL-2Rγ) is shared by receptor complexes IL-2, IL-4, IL-7,
IL-9 and IL-15, all of which are cytokines involved in
lymphocyte development and/or activation. The IL-2Rγ
plays a pivotal role in formation of the complete IL-2
receptor, and mutations of the γ-chain gene cause human
X-linked severe combined immunodeficiency, resulting
in complete or profound T-cell defects (Ohbo et al., 1995).
The immunoglobulin superfamily protein ZOV3 is en-
coded by one of the immunoglobulin superfamily genes.
It has partial sequence similarity to mouse glycoprotein
70 (Saitoh et al., 1993), which can activate the release of
nitric oxide by antigen-presenting cells (Panjwani et al.,
2002). The ZOV3 gene is on the Z chromosome p2.1.
A QTL linkage-disequilibrium study in the F2 resource
population with microsatellites has been conducted, and
the results suggested that the ZOV3 gene is more likely
a linked marker, rather than a causal gene for antibody
response (Zhou et al., 2003).
Several studies have established the relationship be-
tween antibody production in young chicks and disease
resistance. Gross et al. (1980) reported that the line se-
lected for high antibody to SRBC exhibited greater anti-
body response to Newcastle disease and more resistance
to Mycoplasma gallisepticum, Eimeria necatrix than the low
antibody line, but was more susceptible to Escherichia
coli and Staphylococcus aureus. Bidirectional selection for
antibody response to E. coli vaccination in a broiler line
resulted in higher titers to Newcastle disease virus, vac-
cine to infectious bursal disease virus, and SRBC in the
high antibody line than in nonselected control and low
antibody chicken lines at early age (Heller et al., 1992;
Yonash et al., 1996; Pitcovski et al., 2001; Yunis et al.,
2000). Yunis et al. (2000) reported that high antibody
level to acute E. coli challenge in the high antibody line,
however, did not increase disease resistance. In another
study, higher antibody response to SRBC in a high anti-
body line selected from a randombred control line did
not enhance resistance to E. acervulina in terms of fecal
oocyst output (Parmentier et al., 2001). The current study
on association of specific genes and antibody response in
hens can provide the foundation to initiate studies on the
genetics of immunity and disease resistance in adult
chickens.
The significant roles of ChB6, caspase-1, IAP-1, IL-
15Rα, IL-2Rγ, and ZOV3 in physiological or regulatory
immune function make them logical candidates for evalu-
ation of effects on chicken antibody response kinetics.
The goals of the current study were to identify polymor-
phisms in six genes in chickens and examine associations
of their single nucleotide polymorphisms (SNP) with anti-
body response kinetics in hens.
MATERIALS AND METHODS
Resource Population
Genetically distinct, highly inbred (>99%) chicken lines,
the Leghorn G-B1 and MHC-congenic Fayoumi M5.1 and
M15.2 lines, were used as parental lines (Zhou and La-
mont, 1999). One sire from each Fayoumi line was mated
to nine dams each of the Leghorn G-B1 line. Four F1 males
from each Fayoumi sire were each mated to eight females
to produce an F2 generation of 158 females in one hatch.
The two separate lineages, therefore, of the F2 population
genetically differ only in the MHC allele contributed by
the two MHC-congenic Fayoumi grandsires, Fayoumi
M5.1 and Fayoumi M15.2 (Zhou et al., 2001a). The number
of F2 progeny produced from M5.1 and M15.2 were 71
and 87, respectively.
Antigen Administration, Sample Collection,
and Agglutination Assays
At 19 and 23 wk of age, F2 hens were intramuscularly
injected with whole SRBC and Brucella abortus antigens
(Zhou et al., 2001a). Blood samples were obtained from
the peripheral wing vein of each bird preimmunization,
at 7 d after primary immunization, and at 4, 7, 10, 18,
32, and 63 d after secondary immunization. Sera were
collected after centrifuging the blood samples and stored
at −20°C until all assays were run simultaneously. The
SRBC and B. abortus antibodies were assayed by micro-
agglutination (Zhou et al., 2001a).
Genomic Sequencing of Chicken ChB6,
Caspase-1, IAP-1, IL-15 Receptor α,
IL-2 Receptor γ, and ZOV3 Genes
Primer sequences, Genbank accession number from
which primer design was based, and annealing tempera-
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ture of PCR amplification for all six genes are presented
in Table 1. The PCR primers were designed by Oligo 5.2
ChB6. Primers were designed to amplify a 215-bp frag-
ment covering exon 3 from genomic DNA. The PCR was
performed in a total volume of 25 µL, containing 25 ng
of genomic DNA, 0.8 µM of each oligonucleotide primer,
2.5 µL of 10 × PCR reaction buffer, 1.5 mM MgCl2, 200
µM of each dNTP, and 1 U of Taq DNA polymerase.3
Cycle parameters were 94°C for 5 min, then 35 cycles of
94°C for 1 min, 55°C for 1 min, and 72°C for 1 min, with
a final extension step of 15 min at 72°C.
Caspase-1. Primers were designed to amplify from
chicken genomic DNA, a 1,070-bp fragment covering
from the 5′ flanking region to partial exon 2. The PCR
conditions were the same as for the ChB6 gene, except
the annealing temperature was 60°C.
IAP-1. Primers were designed to amplify a 394-bp frag-
ment including a previously identified DNA polymor-
phism between the parental lines (Zhou et al., 2001b).
The PCR conditions were the same as for the ChB6 gene,
except the annealing temperature was 62°C.
IL-15Rα. Spleen total RNA was isolated using To-
TALLY RNA Kit.4 First-strand cDNA was synthesized
using the RETROscript First Strand Synthesis Kit4 for RT-
PCR. Primers (Table 1) were designed to amplify a 430-
bp fragment from cDNA. The PCR condition was the
same as for ChB6 gene except the annealing temperature
was 58°C. Based on a mutation found in the parental
lines, new primers (Table 1) were designed to amplify a
123-bp fragment from genomic DNA. The PCR conditions
were the same as for the ChB6 gene.
IL-2Rγ. Primers were designed to amplify a 600-bp
fragment from chicken genomic DNA. The PCR condition
was the same as for the ChB6 gene, except the annealing
temperature was 52°C.
ZOV3. Primers were designed to amplify a 320-bp frag-
ment covering a previously identified DNA polymor-
phism between the parental lines (Zhou et al., 2001b). The
PCR condition was the same as for the ChB6 gene, except
the annealing temperature was 52°C.
Development of PCR-RFLP Assays
Chicken genomic DNA was isolated from venous blood
collected in EDTA. The PCR was carried out with genomic
DNA from two birds (one male and one female) from
each of the highly inbred lines (Leghorn G-B1 and Fay-
oumi M5.1 and M15.2) to detect potential sequence poly-
morphisms. The PCR products were purified with
MICROCON centrifugal filters.5 Nucleotide sequencing
2National Bioscience, Inc., Plymouth, MN.
3Promega Corporation, Madison, WI.
4Ambion, Inc., Austin, TX.
5Millipore Cororation, Bedford, MA.
6Gene Codes Corporation, Ann Arbor, MI.
7http://www.firstmarket.com/cutter/cut2.html; Yale University,
Date accessed: July 10, 2001.
8New England Biolabs, Inc., Beverly, MA.
was performed by the Iowa State University DNA Se-
quencing and Synthesis Facility. Sequences were ana-
lyzed using Sequencher3.1 software.6 The restriction
enzyme sites on these sequences were detected by Web-
cutter2.0 7
Typing the F2 Population with ChB6,
Caspase-1, IAP-1, IL-15Rα, IL-2Rγ,
and ZOV3 Genes
A PCR of DNA of each individual F2 bird was per-
formed for each gene according to the conditions de-
scribed above. The PCR products of ChB6, caspase-1, IAP-
1, IL-15Rα, IL-2Rγ, and ZOV3 genes were digested at
37°C overnight with 1 U Pvu II, Hsp 92 II, Bgl I, Alu I,
Hph I, and SnaB I,8 respectively. The restriction digests
were electrophoresed for 1 h at 100 V on a 2% agarose gel
with ethidium bromide. Individual PCR-RFLP fragment
sizes in each sample were determined, based on standard
DNA molecular weight markers for each gene, by visual-
izing the banding pattern under ultraviolet light.
Statistical Analysis
The analyses of antibody response to SRBC and B.
abortus were separately conducted by antigen and by
phase (primary, secondary, and equilibrium). For the
SRBC and B. abortus primary phase, the single time-point
measurement taken at 7 d postprimary immunization (Y)
was used. Secondary phase parameters of maximum titers
(Ymax), time (Tmax) needed to achieve maximum titers
were estimated from seven individual time-point postsec-
ondary titer values by using a nonlinear regression model
(Weigend et al., 1997). The titers of the last three sample
times were used to calculate the mean of the equilibrium
phase (Zhou et al., 2001a). This procedure yielded a total
of eight antibody kinetics parameters analyzed.
Data were analyzed separately for F2 progeny from the
two different MHC-congenic grandsires, because MHC
haplotype has been found in many previous studies to
impact antibody production. The genes had three levels
of genotypes designated as Leghorn homozygote (LL),
heterozygote (LF), and Fayoumi homozygote (FF). Gen-
eral linear model tests for associations between genotype
and antibody response parameters were conducted by




The digested fragments with each enzyme of the six
gene polymorphisms for the Leghorn and Fayoumi ho-
mozygotes are presented in Table 1. An amplified 215-
bp fragment of ChB6 gene showed a C → A substitution
at base 470, which caused a predicted amino acid change
from Gln (Leghorn line) to Lys (Fayoumi line). The di-
gested patterns with Pvu II are presented in Figure 1a.
























































































































































































































































































































































































































































































































































































































































































































































































































































































FIGURE 1. PCR-restriction fragment length polymorphism (RFLP). LL = Leghorn homozygote, LF = heterozygote, FF = Fayoumi homozygote,
L- = Leghorn hemizygote, F- = Fayoumi hemizygote. (a) Chicken B-cell marker (ChB6) gene with Pvu II digestion, (b) caspase-1 gene with Hsp 92
II digestion, (c) inhibitor of apoptosis protein-1 gene with Bgl I digestion, (d) interleukin-15 receptor α chain gene with Alu I digestion, (e) interleukin-
2 receptor γ chain gene with Hph I digestion, (f) immunoglobulin superfamily protein (ZOV3) with SnaB I digestion.
For the caspase-1 gene, a 1,070-bp amplified fragment
showed a T → C substitution at −368 bp between the
Leghorn and Fayoumi lines. A PCR-RFLP assay was de-
veloped with Hsp92 II (Figure 1b). For the IAP-1 gene, a
394-bp fragment showed a T → A substitution from the
Leghorn to the Fayoumi lines, and a PCR-RFLP assay
was developed to identify a Bgl I SNP to characterize the
polymorphism at Ala157 (Genbank AAF35319.1) (Figure
1c). For IL-15Rα, the amplified 123-bp product showed
a G → A SNP between the Leghorn and the Fayoumi
lines. The restriction enzyme Alu I produced fragment
sizes of 80 and 43 bp for the Fayoumi lines, whereas the
Leghorn line had no cut site (Figure 1d). For IL-2Rγ, a 600-
bp product was sequenced. A T → C SNP was identified
between the Leghorn and the Fayoumi M5.1 lines, but
no polymorphism was found between the Leghorn and
the Fayoumi M15.2 lines. The Hph I digested products
are shown (Figure 1e). For ZOV3, the amplified 320-bp
product showed a T → G SNP, which caused a predicted
amino acid change from Cys157 (Genbank D16151) in the
Leghorn line to Phe157 in the Fayoumi lines. The SnaB I
produced fragment sizes of 270 and 50 bp for the Leghorn
lines, whereas the Fayoumi lines had a 320-bp fragment
(Figure 1f). Because ZOV3 maps to the Z chromosome,
no heterozygous pattern was generated from the hens.
Associations of the Polymorphisms
of Six Genes with Antibody Response
The P-values of main effects of the ChB6, caspase-1,
IAP-1, IL-15Rα, IL-2Rγ, and ZOV3 gene SNP on chicken
antibody response are shown in Table 2. The IL-15Rα
polymorphism had the most frequent associations with
antibody response parameters. For F2 offspring of the
M5.1 grandsire, there were associations (P < 0.05) between
the ChB6 and IAP-1 polymorphisms and primary anti-
body response to B. abortus, between IL-15Rα and ZOV3
polymorphisms and primary antibody response to SRBC,
and between the caspase-1, IL-15Rα, and ZOV3 polymor-
phisms and Tmax to B. abortus. For F2 offspring of the
M15.2 grandsire, there were effects (P < 0.05) of the IAP-
1 polymorphism on equilibrium antibody response to
B. abortus and between IL-15Rα and primary antibody
response to B. abortus.
Allelic Effect of Six Genes
on Antibody Response
The allelic effects of six gene polymorphisms on anti-
body response are presented in Table 3 for the nine in-
stances of significant (P < 0.05) main effects of genotype.
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TABLE 2. Main effects (P-values) of chicken B-cell marker (ChB6), caspase-1, inhibitor of apoptosis
protein-1 (IAP-1), interleukin-15 receptor α chain (IL-15Rα), interleukin-2 receptor γ chain (IL-2Rγ),
and immunoglobulin-superfamily protein gene (ZOV3) on SRBC and Brucella abortus
antibody response in F2 progeny of M5.1 and M15.2 grandsires
SRBC Brucella abortus
Grandsire
MHC Gene(s) Y1 Tmax2 Ymax3 Equilibrium4 Y Tmax Ymax Equilibrium
M5.1 ChB6 NS5 NS NS NS 0.02 NS NS NS
Caspase-1 NS NS 0.09 NS NS 0.056 NS NS
IAP-1 NS NS NS NS 0.04 NS NS NS
IL-15Rα 0.02 NS NS NS 0.16 0.057 NS NS
IL-2Rγ NS NS NS NS NS 0.16 NS NS
ZOV3 0.02 NS NS NS NS 0.04 NS NS
M15.2 ChB6 NS 0.20 NS NS NS NS 0.06 NS
Caspase-1 0.19 NS NS NS NS 0.18 NS NS
IAP-1 NS NS NS NS 0.20 NS NS 0.02
IL-15Rα NS NS NS NS 0.004 NS NS NS
ZOV3 NS NS NS 0.19 NS NS NS NS
1Primary antibody response.
2Time required to achieve maximum secondary antibody titers.
3Maximum secondary antibody titers.
4Equilibrium phase antibody titers.
5NS = P > 0.20.
6All P-values are rounded to two significant digits. Actual value is P = 0.0478.
7All P-values are rounded to two significant digits. Actual value is P = 0.0469.
For comparison purposes, the effect of the candidate gene
alleles in both MHC-congenic lineages is presented, even
though significant differences usually occurred in one
lineage only. Most of the candidate gene main effects (7
out of 9) were detected in the M5.1 grandsire lineage. For
primary response to B. abortus, the mean of the hens
homozygous for the Fayoumi allele of ChB6 or IL-15Rα
was significantly higher than the other two allelic combi-
nations in the M5.1 and M15.2 grandsire lineage, respec-
TABLE 3. Mean antibody parameters, by genotype, of chicken B cell marker (ChB6), caspase-1, inhibitor
of apoptosis protein-1 (IAP-1), interleukin-15 receptor α chain (IL-15Rα), interleukin-2 receptor γ
chain (IL-2Rγ) and immunoglobulin-superfamily protein gene (ZOV3) to SRBC and Brucella
abortus antibody response in F2 progeny of M5.1 and M15.2 grandsires
M5.11 M15.22
Gene Trait LL3 LF4 FF5 LL LF FF
ChB6 YB6 (titer log2) 9.93a 9.86a 11.5b 10.07a 9.97a 10.64a
Caspase-1 TmaxB7 (day) 9.77a 15.92ab 20.84b 11.23a 15.76a 18.18a
IAP-1 YB (titer log2) 8.92a 10.40b 10.65b 10.44a 9.93a 10.77a
Equil.B8 (titer log2) 7.43a 7.04a 6.70a 7.93a 7.36ab 6.93b
IL-15Rα YS9 (titer log2) 5.40ab 4.21a 5.72b 4.74a 4.58a 5.15a
YB (titer log2) 10.80a 9.97a 9.93a 10.19a 9.48a 11.15b
TmaxB (day) 16.96ab 13.18a 19.85b 13.17a 15.80a 18.61a
ZOV3 YS (titer log2) 5.81a 4.75b 4.67a 4.97a
TmaxB (day) 12.91a 19.06b 15.25a 15.76a
a,bMeans in a row within a grandsire MHC type with no common superscript differ significantly (P < 0.05).
1F2 offspring of M5.1 grandsire.
2F2 offspring of M15.2 grandsire.
3Leghorn homozygote.
4Heterozygote of Leghorn and Fayoumi genotype.
5Fayoumi homozygote.
6Primary antibody response to Brucella abortus.
7Time required to achieve maximum secondary antibody titers to B. abortus.
8Equilibrium phase antibody titers to B. abortus.
9Primary antibody response to SRBC.
tively, whereas within the M5.1 grandsire line, the IAP-1
Leghorn allele homozygous hens were significantly lower
than the other two genotypes. For Tmax to B. abortus, the
hens homozygous for the Fayoumi allele for the caspase-1
and ZOV3 polymorphism required a significantly longer
time to achieve secondary maximum antibody response
than the Leghorn homozygotes. The Fayoumi homozy-
gous hens for the IL-15Rα polymorphism required a sig-
nificantly longer time to achieve secondary maximum
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response than the heterozygous hens. For the primary
response to SRBC in the M5.1 grandsire lineage, the hens
inheriting IL-15Rα homozygous alleles from the Fayoumi
line were significantly higher than the other IL-15Rα ge-
notypes. In contrast, hens inheriting ZOV3 homozygous
alleles from the Leghorn line had significantly higher
SRBC primary response than the Fayoumi homozygotes.
For equilibrium antibody response to B. abortus in the
M15.2 grandsire line, the IAP-1 Leghorn homozygous
hens had a response significantly higher than the Fay-
oumi homozygotes.
DISCUSSION
Immune response traits in chickens are controlled by
the immune system, which is a complex system involving
many different cell types and soluble factors. These cells
and factors must act in concert to produce an effective
response to pathogens (Pinard-van der Laan et al., 1998).
Genetics has a great influence on modulation of immune
response (Lamont, 1998a). Genetic selection to improve
immune response provides an alternative to enhance dis-
ease resistance (Boa-Amponsem et al., 1997). Therefore,
understanding the genetic basis of polygenic control of
immune response can be utilized to improve chicken
health.
Six immunity-related genes were selected to determine
associations of DNA polymorphisms of these genes with
antibody response kinetics to SRBC and B. abortus in the
F2 population in the present study. Gene polymorphisms
might be used to enhance antibody production by genetic
selection, if the allelic effects associated with antibody
response can be determined. There were generally consis-
tent allelic effects within antibody response parameters
among the studied genes. For primary antibody response
to B. abortus, the hens inheriting both alleles of ChB6,
IAP-1, and IL-15Rα from the Fayoumi line had signifi-
cantly higher antibody level. For effects of caspase-1, IL-
15Rα, and ZOV3 polymorphisms on Tmax to B. abortus,
the Fayoumi homozygous hens required a significantly
longer time to achieve maximum secondary antibody re-
sponse than other genotypes. The results of this study
lay the foundation to improve immune capacity in chick-
ens via marker-assisted selection. The data also show the
value of exploring the effect of specific alleles in lines
that are unselected for commercial production traits (e.g.,
Fayoumi) and, therefore, reservoirs of genetic biodiver-
sity to meet potential future needs in poultry production.
More significant associations of the genes with anti-
body response were detected in the lineage of the Fay-
oumi M5.1 grandsire than the M15.2 grandsire. The two
grandsires of the present resource population are MHC-
congenic, therefore suggesting that the different apparent
effects of the six genes as detected in the two lineages
reflect the interaction of the MHC with these six genes
on antibody production. The MHC plays a critical role
in regulation of immune response through its cell-surface
molecules interacting with foreign antigens and with
complementary structures of other immune cells (La-
mont, 1998b). Associations primarily in one grandsire
lineage of interferon-γ, immunoglobulin light chain, in-
terleukin-2, MHC class I α and II β, and transforming
growth factor β genes with antibody response to SRBC
and B. abortus in the F2 population have been previously
reported (Zhou et al., 2001a; Zhou and Lamont, 2002,
unpublished data).
Significant associations of the genes on immune trait
parameters in the study were primarily detected in anti-
body response to B. abortus (7 instances out of 9). The
SRBC and B. abortus are T-cell dependent and T-cell inde-
pendent antigens, respectively, which require different
degrees of cooperation of T-cells to produce antibody
(Munns and Lamont, 1991; Scott et al., 1994). For B.
abortus, B cells can be activated by the antigen itself to
produce antibody, whereas helper T cells and MHC class
II molecules are needed to activate B cells to antibody
formation for SRBC (Janeway et al., 1999). The signal
pathway to produce antibody for B. abortus is relatively
simple compared to that for SRBC. Physiological interac-
tion of the studied genes with any of the components in
the pathway of antibody formation with B. abortus may
not occur with SRBC, which might cause the different
effects detected for the two antigens.
There were nine associations (P < 0.05) found between
the six genes and immune response traits. Most of those
significant associations were clustered with IAP-1 (2), IL-
15Rα (3), and ZOV3 (2) genes. Only one significant associ-
ation was found with ChB6 and caspase-1 and none with
IL-2Rγ. The false discovery rate approach has been pro-
posed to establish statistical significance in a multiple-
test situation (Benjamini and Hochberg, 1995). The false
discovery rate is the proportion of false-positive tests
among the individual comparison-wise tests that are de-
clared significant. For F2 offspring of the M5.1 grandsire,
24 statistical analysis were conducted for each antigen.
At α = 0.05, one of 20 tests would be expected to be false
positive. Seven significant associations were detected in
the study; however, and five of these associations were
in response to B. abortus (Table 2). Additionally, clusters
of significance were detected as associated with specific
immune parameters and a specific antigen: three for both
primary antibody response and Tmax to B. abortus. The
clustering of gene-trait associations adds confidence in
the true significance of most of the detected associations.
In contrast, in the M15.2 lineage, only 2 significant associa-
tions of 40 statistical tests were detected, which is inter-
preted as likely being false discovery.
There were few significant associations of caspase-1
and IAP-1 with antibody response to SRBC and B. abortus
detected in the current study. However, the same DNA
polymorphism of the caspase-1 gene was previously asso-
ciated with spleen and cecum S. enteritidis bacterial load
and antibody response to S. enteritidis vaccination, and
of that of the IAP-1 gene with spleen S. enteritidis bacterial
load, in a broiler by inbred line cross F1 resource popula-
tion (Liu, 2002). In another study of populations of out-
bred broiler and Dutch Landrace lines, caspase-1
polymorphisms were associated with cecum and liver S.
CANDIDATE GENES AND ANTIBODY RESPONSE KINETICS 1125
enteritidis bacterial load and IAP-1 polymorphisms were
associated with cecum S. enteritidis bacterial load (Kramer
et al., 2003).
Selection for high antibody level tends to produce pop-
ulations that are more disease resistant (Pinard et al.,
1993). A line selected for high antibody response to SRBC
demonstrated higher antibody response to Newcastle dis-
ease, and greater resistance to Mycoplasma gallisepticum
and Eimeria necatrix than that of the line selected for low
antibody response (Gross et al., 1980). Subsequent studies
suggested that the high line had greater resistance to
Eimera tenella (Martin et al., 1986). Selection for immune
response to nonpathogenic antigens such as SRBC and
killed B. abortus has been considered as an attractive sup-
plement to genetic control of disease in poultry (Parmen-
tier et al., 2001).
In summary, the identified significant effects of the
gene polymorphisms on antibody response kinetics to
SRBC and B. abortus pave the way for potential applica-
tion of the findings in improvement of poultry health by
marker-assisted selection.
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